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This report describes research programs focusing on 
the'^sudden infant death syndrome (SIOS) and indicates some presently 
available results. Specific attention is given to research «on sleep 
^apnea, respiratory control, and hypoxia, as well as to infectious 
-disea se-^tfocesse s a nd iium Tinotggy^'Flfrdiifg^'^oT a large-scale 
multidisciplinary SIDS project are discussed. In addition, various 
related research studies conducted by different agencies are 
described* Funds allocated to and estimated for public health service 
agencies are specified ^fjor the years 1980 thrifugh 1984, (RH) 
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/ SUDDEM INFANT :DEAtH SYMPRGME 

T^e sudden in£ant death syridrpme (SIDS) is defined as the 
sudden death of iny Infant or youn?^ child that is unexpected by ; 
History^ and where the death vssiains' inexplicable after perf6rm«^ i 
ance of an adequatje postmortem exami^nation* Also refer.red to as, 
crib deatbr sudden unexplained deatlir and sudden death in 
infancy, this syndrome is a worldwide public health problem* In 
the anited Stat&s-, it 1^ the lead^g cause'^of death between th^e 
ages of one and tw^^X^e months* Its , incidence *cate is estimated 
at: 2 per 'IrOOb live births, accounting for the"^ deatfhs of between 
. 6f 000. ands^fOOd infantss each: year. The majority of these babies- 
are b^Vveen the ages of one and six months when they die sudden* 
lyr quietly^ and unexpectedly during what is considered a normal' 
sleeo^oeriod* ■ ^ " ' 

The Jiitional Institute of Child Health and Suman Development 
of the National Ihst^V^tes pf Health has^rimary Fedefal respon-^ 
sibility;for researcffVn the sudden infant^ death'syndrome* Other 
Institutes supporting projects pertinent to'SIOS include the Na*" 
tional Institute of iTeurological and Communicative Disorders and^ 
Stroke, and -the Itetibnal Heart, Lung, and Blood Institute* The/ 
Office for Maternal and Child Health, Bureau of Community Health 
Services, Hea^Jth Services AdministraKfeion has primary tesponsibi- 
li'ty- for counseling and. information activities, i 

The ilICSD*s portfolio in SIDS encompasses, research grants 
probing^many* f^ets of the problem:, sleep state; respiratory 
functions in young ;infant3 at, risk, for SIDS and in the normally 
developing infant,; the role of infection and immundldgical devel* 
opment; intera<;tiohs of,_po3sible genetic factors and environ* 
mental influences; ' and autopsy findings , regarding anatomical^ 
histological and/or biochemical characteristics in SIDS victims* 

A comttosite picture is evolving identifying special cbarac* 
. teristicS'jof the SIDS victim, and .Uie SIDS family.^ The analysis ; 
of the differences between intrauterine and extrauter^ine ^iiviron^ 
ments off infants who died of SIDS compared to- normal living 
in^fantSr and of chose who dikd of other Identifiable causes ha& 
expanded our base of /cnowledce and may facilitate identif ica^tiqa 
of 5i^a,i| leading to death. Spidemiological data have highlighted 
risk factors foe SibS such as .prematurity ^ low birth weighty . \ 
postnatal growth . retardation^ chroniQ hypoxemia (decreased o^xycren 
in the bloodl^'^and breathing diff iculties^ maternal factors- in^^ 
elude age less, than 20.yearSf smoking daring pregnancy, and n^t 
receiving prenatal care* A better understanding of the biology 
o*f .maternal factors governing normal and abnormal, fetal arid ^ 
neonatal grovth and development will simultaneouslv facilitata 
the development of^prfeventjve approaches to SIDS, Tor exampife, 
prevention of prematurity might at the same time reduce the ' 



number of SIDS vi^ctimsl Thi concept that some conditions associ- 
ated with hi9h-^risk pregnanA and fiigh*risk infancy are contrib- 
uting factors, to the bccutrence of the sudden infant death 
syndrome ll^as been accepted by\the scieatific. community, EveAs 
taking. placi in the intrauterine environmeritr or in the early 
weeks of extraut;ei?ine life*may modify the normal progression 
of maturational processes iti the fetus and newborn* Although 
the infant may Appear normal at birtii. the ^bCIity to coordiftate * 
vital £unctions'with sleep and feeding may be jeopardized so t^h&t 
minor stressful situations such as upper respiratory -infectionSi^ 
sleep deprivation, etc* ^ may preqipltate^ a severe apnea episode ^ 
and/or death. 

Sleep' Apnea r Respiratory Concrol^ and Hypdzcia' 

Research is examining the' role of sleep apnea (cessation o^ 
respiration for a period of ten seconds or longer and spontaneous 
recovery noted during sleep) as an antecedent to death. Earlier 
studies suggested thatsome SIDS'^victims had suffered hypoxia 
for varying periods of^time before death and this stimulated 
the research into apnea and respiratory control, ■ To ciarify ^ 
this question, studies are 4elineating the development of the - 
respiratory 'control center, the. prof ile of ventilatory responses 
to carbon dioxide; and the operating- respiratory controls during 
sleep. Any one abnormality may contribute to or can result in 
hypoxemia and/or a diminution of oxygen reaching the tissues of 
the body (hypoxia), ' . 

Studies carried out faet^ween 1973 and i9'78, supported by two 
MICHD contracts with the tjniversity of Southern California and th' 
University of California, los Angeles obtained developmental 
physiologic data from 25 normal infants and 25 siblirtgs of SIDS 
victims. Tvelve->hour all-night sleep recordings wer^ obtained 
-at I week and at 1^2^3,4, and 6 months ox age* - These data were 
^^^ghered under well-defined conditions^ arid their availability 
in computer compatible form allows physicians to. evaluate, and 
test of specific hypotheses* During FY 82, grantee, Dr* SonaXd 
M, aarper and his team at the University of Calif ornia Los 
Angeles, continued work on the research hypothesis that^ the organ 
i^ation of ^leep^ is disturbed in infants at risk for SIOS, and 
that they ^xhibirt difficulty in '•arousin9" from sleep during 
circum^ances which* compromise' their sur'/ival, Enitially they 
described normative developmental curves^ for maturation of sleep 
stages in addition to respiratory* and motility parameters* Receni 
studies have doctimented develocmental trends of the hourly peri* 
odic organization in 5EG (electrcencephalocrapliic) activity in 
normal 'infants and described ^developmental'curves for variables 
w^ich are ma;jor- contributors to the definition of sleep st4te. 
These studies wertS extended into a larger ^roup of ph/siological 
variables, and have' included cardiac, res;)irat6r^ and motility 
p^arapieter-s in measures o^-iiouriy periodic organization. The 
i.tvestigatprs concluded that the or9anization of sleep states 
i^/Sistiirbed in infants at risk fdr StDS and su99est tii'at this 
disturbance results io a '*fa4.1ure to arotlSe** from normal stimula-^ 
tion during sle'sp or a difficulty in state-transition,, in 



addition^ these studies denionstratBd -that Infants at risk showed , 
an acceteration ot tZG patt:erns in .specific. ZZQ bands* Such 
^£CG development points to*an alteration in a main component of 
'flLtate orjganizatlon and . will be useful ia. eval^ating^ the !*f^ilure 
to arouse" hypothesis for SIDS, , ^ ' - 

Sleep state respiratory control is being studied in kittens ^ 
by Dr/ Dennis J, McGinty at the University of California at ^s 
Angeles, Following initial studies under the MICHD'contpact 
referenced previously, Dr, HcGinty* is examining the Arain raach*^]^' 
aniSTQS which mediate both normal and . abnormal depression of 
breathing during sleep as a potential elem^t 6f risk for SIOS* 
In earlier studies^ he found that a practical method for co** 
activation-spf neurons of the rebicular formation and breathing 
during sleepAs vestibular stimulation produced by a socking 
bed, Indeedr^in kittens, it was determined thaV rocking is an ^ 
effective stiimulus tg breathing during sj,eep, . producing a facjlli* 
'tatiop of diaphragmatic electromyographic activity in botH rapid- 
eye-movement (REM) and non-rapid-eye-moveraent sleep. This 
research permits: the. evaluation of a simple and practical tool 
for assisting infants at risk for 510?. 

Grantee/ Or* Bradley Tbach and his team at Washington 
Cniversity^St* L5uiS/ are .^mirforming studies of airway patency 
regulation ra^an anioal model. Many inf^yUis at hign risk for '^-^^ 
apnea preselit some degree of airway obstruction, la anesthetized 
rabbitS/ vthe investigators have determined thaC the airway pres* 
sure reflexes respond to changes of pressure and protect the * 
airway^ from collapse C^om negative pressure* ^The changes in 
pressure are sensed -through nerve endiogs superficially located 
in the nose and pharynx. Indeed^ the investigators showed' that 
when sensation provided by th^se nerve' endings is' oblitenratedr " * 
the animal is unafcle to use his upper .airway and. dies of asphyxia, 
N^hese reflets appea>r to be essential for spontaneous ventilation 
in the r^bit. In human Infaft^s who suffer apneic spells, J:hese . * 
researchers found that a state of behavioral arousal characterized' 
by gross motor activity and squirming movements is associated with 
with a markedly disordered respiratory pattern. This gjattern 
seems to be a significant component of obstructive apnea. During 
FY 1982, these investigators began , studies . in infants at high 
risk for SIDS (e*g«, had nearmiss episode and/or have a positive 
family history)* They* demonstrated that in episodes of mixed 
apneas the initial event was the air^jay obstrtictlon. Therefore 
research efforts are concentrating on th^s particular aspect* 

Dr, Gabriel Saddad at Columbia University College of 
Physicians and Surgeons is continuing to study the changes of 
ventilatory. and cardiovascular .responses to jttypdxla during sleep, 
and wakefulness in growing puppies. Specific techniques have ^ ^ 
been develobed to examine the mediation of hypoxic responses by 
adrenal hormones known as catecholamines during'RCM ^nd qui^t ^ ^ 
sleep, '#An important 'initial, finding is that newborns have much 
higher levels of these hormones and brisker ^resgonses to h^oxia 
than adults; ■ --x-^ ; 



Dr* Haddad and his tea^Tare examining the rol^e of endorphins 
(chemicals in the brain whose effects on cells -resemble those o£ 
opiates such as ;aorphine) * io the maturation o£ ventilatory and 
cardiovascular functions during'.sleep and wake fuirness .under 
normal and hypoxic conditions, Ttechniques^ere auc^essfun^ 
developed to measure ^ventilation a<nd record ZZQ and £CG with an/ 
experimental animal trained to remain'in a specific chamber where 
oxygen and carbon dioxide concentration may be changed* Xn the 
dog, they" have also shownv using cerebrospinal fluids that endor- 
phins are. central , neuromodulatcrr& oC respiratory activity and 
that a dose^response relationshi£\exj^ts between endorphin level 
and the ventilatory effect independent o£ sleep state* 

One^recommendation for infants at risk for SIOS is prj^ 
scribe £or them an apnea monitor which sounds an alarm when 
respiratory pauses and/or bradycardia (slow heart beat) extend 
beyond an acceptable limit, . With Institute support/ Dr. Willis J, 
Tompkins and* staff at the University of Wisconsin^ Madiaonv are 
developing a microprocessor^ased neonatal apnea monitor* They 
have' developed the initial hardware and software for a comgactr 
multimicrocomputer^ased neonatal apnea monitor for i^e in the 
neonatal intensive care unit* It is being mod^if led far a minimal^ 
)iardware system to becQitte a hbm^ monitor* In addition to the 
soundin^^ of an ^larm* the conditions that lead to it are displayed 
indicating seconds^ of unacceptable heart rate, r^te at- last ac* 
cepted bre^rthr se^conds 'itith no acceptable breatnsr and the breath^ 
"high^, , threshold* The monitor need.s to be clinically validated by ^ 
comparing its alarm generation with events recorded in the clini-* 
cal setting' and muSt be further refined to reduce the false , * 
positive rate without losing high specificity for apnea detection* 
Sven after this, it Jtll be necessary to define more pre^asely 
infants at risk for SIOS* / ' * ^ 

Infectious Disease Processes and ^Immunology 

It is not" clear how, tire presence of infection and/or the 
infant*s immunologic state may relate to the sudden infant death 
syndrome* It has been observed and documented that the. Infants 
who had recent- upper respirator^ infections are at greater risk* 
Among SIDS victims reports have appeared indicating that many 
had either a slight cold or stuffy nose of Auch a tninor degree 
chat medical advice was not souight* It Is ^uite. possiible that 
the infection may 'act locally, probably in' the respiratory tract* 

Several grantees are examining the possible relationship' to 
SIOS of intestinal' infectidn and toxin produced by Clostridium 
botqllnum ^ DT; James Chin and staff at the Department of Health 
Services r C^Hfomia are studying Clostridial toxinis as causes 6£ 
SIDS* ' The Hfkt step in that research was jast completed s.uccess* 
fully with the development of a reliable test to detect the appear 
ance or antibodies In patients hospitalised w^th infant botulism* 

At. Johns Hopkins HospitaJl, Dr^ ^Johfi G* 'Bartlett and associate 
are , examining the Intestinal ^contents of 'SIDS vlctLms for Clos-* 
trldlum difficile and its toxin^ and found a positive ctalture in 



27 percent of 58 victims of SIDS. /They, are looking for other 
viruses as weH# such, as rotavirus" and . coxsackie. 

Grantee, Dr. Scott B. Halstead at the University of Hawaii^ 
Honolulur identified a aod»l syst#te in ttfice with dengue virus 
infection which progresses through' a peripheral replicatrpij^ . 
phase but is eliminated without caiTsiag mortality;^. This' proviMes 
the opportunity to study viral immunological inl^eractipns and 
.the examination of cell-mediated i^une responses to^irus 
infections. Simultaneously^ Dr;. Halstead is eVaitt«ing the role 
of immunological responses in Respiratory Syncytial Virus (RSV) 
infections in monkeys in order to determine the role of passively 
administered antibody during.-RSV infections. * Some. -of these 
studies mimi?, the human infection, thu% making impossible to 
study the interaction of antibody and iramunocompetenj: ca'll^, i.i the 
res?i«tory tract during acute viral" i*nfect'ions . 



Major Research Program 

During FY 19d2> the Institute continued to support^^a large 
; multidiflciplinacy SIDS project at the University of Maryland under 
the 'direction of Dc. Alfred Steinschnelder. Risk profile scores % 
were obtained in a* prospectiv.e fashion on a large number of 
infants over a_ foiir^year, peri^od. In addition to ne^ii^rn evalua* 
tionsr these included daba* acquired from a large number of women" 
tltrough pre^aacy^ labor^ delivery^ and the postpartuaf period. 
These measures of risk encompass mathematical expressions of ^ 
respiratory perforiiance during sleep a&d feeding^ and epidemi* 
ologic factors regarding recognized risic factoid's for SIDS (e.g. ^ 
sibling death from SIDS, maternal drug dependence). Analysis of 
data began in 1.982. - ^ <i ^ N 

Nine* infants studied physiologically within their first week 
of life died'subsequently of SIDS. Compared, to the 'normal par* ^ 
ameters obtained in the study of more than 2^500 subjects^^ all 
SIDS victims bad elevated apnea scores during either sleep or 
feeding, these findings, are consistent with the hypothesis impli* 
eating bot)\ sleep apnea!^nd laryngeal induded apnea in the^ et^* 
ology of S.IDS. " . ' , 

Infants who tested high on the risk score during their first 
week c£ Uife were sent home with an apnea monitor. Of these 71 
infants^ 67 percent had at least one prplonged sl^ep apneic ejpi* 
sode and 30 percent had documented episodes of bradycardia without 
concurrent prolonged apnea. These findings tend to support the 
hypothesis that newborns, who develop prolonged apnea or br^dycar^ 
dia are physiologically different than the. general .population and, 
in a manner r^^^imilar to those, infants who die of SIDS. 

Other concurrent studies are examining the placentas of SI3S 
victime. Although tissue and other studies of the olac^atas have 
not shown 4i£f^renc$s between SXDS cases and^ birth*4ate matched 
controls, a reduction was found in the ratio of fetal yelght over 
placental we'ight in S:5bs^ victims J ^ ^ 



The findings o£ subtle differences between SIDS victims and 
nomal \ageATtatched controls are helping not only in delineating 
the caustf^^ but will also provide' direction for 3tudi«^ ai^ed at 
developing a cJTinijcally useful approach for the early identifica* 
tlon'of^ infants at inctdased risk^^or SIOS* 

* * ' * * * 

SICHD Cooperative Esidemioloqic Study of SIPS Risk Factors 

The NiCHDr through six data collection centers, identified 
more thaa 800 SIOS cases with 2 living corvtrols for each case 
over a 15 month periodl One control was matched for age only 
and the* other for age, bi]?thwei:ght,^ and ra6e* ^ Postmor tarn "tissue 
specimens and medical exand^ner recprds were^ obtained fqr th'e- 

SIDS cases* Da t& .also were co}J.ected on SIDS ^and control infants 
during a home Interview and from pi;enatal, delivery, and postnatal 
medical records** OSiLng the firsV *00 :singleton SIJDS infants and 
their controls, a prelinfinary analysis of risk factors has been 
perforflied. While few' differences wfeire identified between cases aqd 
controls for prenatal factors, SIOS infants as a group j^ere more 
likely to have requiref^ pdstneonatal hospitalization and to have^ 
had signs ana symatloms requiring medical treatment* Preterm . . 
delivery, low birthweight^ low socioeconomic status, blabk race^ 
maternal smoking during pregnancy, and young maternal age are in* 
dicatlve of increased risk for SIOS* So far in this study, 
clinically diagnosed apnera has not been identified as an^ Impor* 
tant risk factor for SIpS* Effebts of interacti<ios of these 
factor^ on SIDS risk *are being assessed* Additional mulliivariate 
analysed cf these prelimina'ry results and validation using the 
balance of the data set ere ongoing* / ^ 
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ttetional Hearts Lung, and glood' Institute 

Tbpic areas for the research included contr^ol of breathing 
in respiratory failure, and maturational changes*in the deVelop- 
irtg heart which suggest that the interplay of factors responsible^ 
f or 'initiating and maintaining fibrillation (irregular contract 
tions of the heart) may have a role in the etiology of ^e^suddei; 
infant death isyndrome* Other /studies an& concerned with mraq^ted 
respiratory responses to carbt^n dioxider expiratory muscle func-^ 
^ion^ and the role of the cerebellum in its Control*, 
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National Institute off Neurological and CommunicAtive " ' 
J. ' J)iSQrdeVs and Stroice . ' T 

, x It has been suggested that central" nervous system (CNS) dys- ' 
function^ particularly oC the brafnstemr may be implicated in SIDS* 
^ * The National Institute oC Nieur^logical and Communicative Disorders 
\and Stroke (>^INCDS) supports a number o£ research grants on the 
j^'^ ^baslc mechanisms ofdS dysfunction^ some of*-which, relate directly 
^ftij SIDS,» Some of these studHes have as^their Cocus the functional V 
development of neural networks and 'the identification ^f develop** 
iftental neuropathology. One study concerns. the relationship of thje ■ 
maturation of the neurotransmitter systems to behavioral arousal* 
^ ^^other inivsestigation is exploring the relationship of naturally 
*occu]t;fing neuron .death to the normal development of tU^mammalian 
central net<^70U^ system. The neural plasticity (the abiTity o£ . 
early embryonic cells to alter in coqforniity with immediate en- 
vironiaent) of the developing brain and the deficits in cell 
communication following perinatal hypoxia are under stu<fy in. 
animals, ResearcTi is also being conducted on the >:oncentratlons ^ 
of neuropeptides In^utopsied human brains at di^erent stages ^ 
of development from^he 20th week of fetal life nlrough childhood, 
\ In these studies, ^ Neuropeptide concentrations in brain-tissue 
from normal children are being compared to concentrations in , 
^ ' children , with neurological disorders. These investigations have 

the potential , for providing - the .basic knowledge scientists need / 
\ to better understand the neuropathology -of SIOS, 
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